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(57) Abstract 

An air cctntammatioQ moahoT tnchides a sample beater ootae^bit to an air source si2ch as an aixoaft to^nc bleed air port The 
' cauBcs any oil and odicx lydroeaibons in the sample air to diecoii^oBe mlo GQ2 and H3O. A vacuum pomp draws tiie heated air 
sapiple fxm the hcaiBr to a caiboo dioxide analyzer. Uto reqxmse of the analyzer h itcoxdcd by meafls of a stt^ chart or paperless 
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AIR COrfTARAINATION MONITOR 
TECHNICAL FIELD 

5 

Tha present invention relates generally to methods for detecting 
contaminants in air, and hi particular to an apparatus and method for 
detecting contamination in Uie bleed air supplied to the aircraffa 
environmental control system from tha aircraft's enginea. 

10 

BACKGROUND OF THE INVENTION 

Propulsion engines and auxlllaiy power units are two types of gas 
turtiine engines used on aircraft. These engines havo compressors from 

15 which high pressure air is bled for use in the aRcraffsenvlrormentai 
oontrai system. Sealing systems are employed within these engines to 
prevent trace elements of liiei or lubricant finom lealdng into the bleed air. 
Howsveri such sealing systems are not alvvays totally effective, and as a 
result there tna^ be leakage of fuel or lid}ricant into ttie bleed anr wMch can 

20 ignite and produce smoke in the air flowing Irtto the cabin. 

Previous m^hods used to measure contaminants in engine bleed 
air have either been inconclusive or have given false readings One such 
method inewpbrates a polyvinylehloride filter to collect a sample of the 

2S bleed sir followed by tooKing for the presence of oil by using a black light 
to make the oil droplets fluoresce. Another method includes the use of a 
. laige, stainless steel coil chilled to about •lOO^F to condense matter in the 
bleed air. The condensed matter is then flushed from the coil, evaf)orated 
with a solvent (freon) and weighed. In a third method, tiie bleed air is 

30 flowed through absorptim tubes in which residue is collected on silica gel, 
charcoal, or molecular sieves and then evahjated by gas 
chromatography/msfis spectroscopy. The residue can also be analyzed by 
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combusting it wth an prganic matter, and measuring the caiton dioxide 
formed with a flame ionization detector. 

AccordR^gly, a simple, portable, highly sensitive, real time method is 
5 needed to solve the demands of the aerospace industry. The instrument 
needs to be simple so that operators can easily be trained. Portability is 
important because the instrument may be used at a variety of locations 
sudi as test cells, on board the aircraft, and on the flight lines of repair and 
overhaul facilities. High sensitivity and real time data are necessary so 
10 that changes in carbon dioxide concentration indicative of «! and lubricant 
leakage of several parts per million can be distinguished as ttie bleed air 
quality changes with changing engine operating conditions. 

SUMMARY OF THE INVENTION 

15 

An object of the present invention is to provide an apparatus for 
detecting synthetic lubricants and other hy*ocartjons in aigine Weed air 
that is simple, portable, highly sensitive, and provides detection in real 
time. 

20 

Another object (rf the presertt invention is to provide a method for 
detecting, in real time, synthetic lubricants and other hyorocarbons in 
engine air. 

25. The present invention achieves this otJiieciive by providing a air 
. contamination monitor that includes a sample heater connected to a bleed 
air source. A heating element mounted In the sample heater causes any oil 
and other hydrocwbons to decompose into COj and HjO. The air leawng 
the sample heater is drawn through the monitor to a carbon dioxide 

30 analyzer by a vacuum pump> The response of the analyzer is recorded by 
means of a strip diart or papehess recorder. 
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BRIEF DESCRiFHON OF THE DRAWINGS 

FIG. 1 A is perspective view of the air contamination monitor 
contemplated t>y the present invention. 

5 

FIO. 1 B is perspective view of a portion of the air contamination 
monitor of FIG. 1A. 

FIG. 2. is a schematic of the air contamination monitor of FIGS. 1 A 
10 and1B. 

FIG. 3A is a perspective view of an alternative endsodiment of the 
air contamination monitor conten^ated by the present nivention. 

15 FIG. 3B is a perspective view of a pCMtion of the air contamination 
monitor of FIG. 3A 

DESCRIPTION OP THE PREFERRED EMBODIMENT 

20 Referring to FIGS. 1 A, myd 1 B, an air contamination rnonitor is 

generally denoted by reference numbw" 1 0. The monitor 10 Includes a 
sample heater gwterally denoted by reference number 12 for initially 
receiving and haatir^ the sample air. 

25 At the core of heater 12 is a 1/16 inch inside diameter meta! condyit 
14 for canying the sample air. Conduit 1 4 is made of metal for rapid heat 
conduction; prefwabiy of a nickel based alloy such as Inconel 600 for 
withstanding operating temperatwes of 900 to ISOO'F. Outward of and 
concentric with metal conduit 14 is a 1/2 Inch diameter ceramic tube 16 

30 having a bore 17 for receiving the conduit 14. The bore 17 has an inside 
diameter large enough to provide a radial clearance around conduit 14. 
Moiritdd to caramto tube 16 is an electriqal resistance type heating 
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element 18, The heating element 18 consists of a length of nichrome wire 
coii wrapped around the ceramic tube 16 with sufficient windings to 
provide the desired watt density. A conventional temperature controller 36 
is used to control and limit the ma)dmum temperature of the sample air, or 
S alternatively, a themial switch in the range of the desired temperature. 
The heater is encased by a blanket of fiberglass insulation 19 to improve 
hdating efficiency and also to allow for hand-held operation of the heater 
12. The insuiadon 19 may alternatively be made of any suitable themial 
insulation material capable of withstanding direct contact with the heating 

10 element 18. The length of the heater 12 is preferably about 12 inches, but 
generally must be long enough to allow fbr the desired combustion of the 
contaminants in the sample air to occur as the sample air flows through 
conduit 14. The heater may include a catalyst such as a platinum wire 15 
within the metal conduit 14 to further facilitate the mentioned combustion 

15 process* 



The sample heater 12 may be directly connected to the compressor 
bleed port of an en^'ne for sampling pressurized ^ine bleed afr, or 
indirecUy connected through an appropriate tubing adapter 13. Tubing 
20 adapter 1 3 should be kept as short as possible when indirectly connecting 
heater 1 2 to an engine bleed air port to avoid condensation of oil wthin 
adapier13. Altenratively sample heater i2 may be unconnected ^ used 
as a hand held wand for sampling the air witfiin an aircraft cabirt 

25 Sampla heater 12 is cninectedthrough a flexible conduit 20 to an 
inlet port 21 on a case 38 which houses the remainder of the monil^ 
componOTte. The case 38 may be of a portable type as shown, or 
permanently mounted within an aircraft 

I 

30 Referring to FIG. 2. inside ease 38 the monitor components are 
eonnacted to the inJet port 21 , and also interconnected, through stainless 
steel transier condidt 28. Altemativeiy, the condtA 28 may be constnictad 
frem a fluoroelastopolymer or other inert plastic materia with adequate 
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flexibility and durability. The insrda diameter of conduits 20 and 23 should 
not be mora than 1/16 inch to reduca the intemai volume for rapid sample 
transit. Sample transit time should be less than one second from the 
sample air source to the carbon dioxide analyzer 26. 

S 

A vacuum pump 24 housed within case 38 is operable for 
continuously drawing sample air from a source, pumping that air throu^ 
the monitor 10, and eventually out through an exhaust port 42. The pump 
24 must have tiie capacity to provide sufficient flow to the cart>on dioxide 

10 analyzer 26 so it may operate in real time, that is the analyzer 26 does not 
have to wait for a proper sample size to accumulate. The pump 24 must 
also have sufficient vacuum capability to operate in a reduced pressure 
situation, such as when sampling at an altitude of 40.000 ft The pump 
must ^rther have low power consumption and be light weight for 

15 portability. 

A digital flow controller 30 located downstream of the pump 24 is 
operable to control the air ffow to the carbon dioxide analyzer 26. The flow 
controller 30 must be capable of providing precise pressura and flow rate 
20 control at a constant 3S0 milliliters per minute sample air flow rate. An 
optional visual flow meter 32 may be provided to varify the flow of air into 
analyzer 26. 

A carl>on dioxide analyzer 26 is mounted immediately downstream 
25 ofthefloweontrnirerSQ. Ths carbon dioxida anHl~^r 26 is a conventionai 
analyzer that operate on the princrpie of non«dispersive Infrared 
absorption of carbon dio^dde. Analyzer 26 is sensitive mough to 
accurately measure concentrations of carbon cfioxide content on the order 
of that found in breathable air and yet fast responding so as to provide 
30 continuously updated, or real time, output The analyzer 26 is caltbratable 
from 0 parts per million to up to 1000 parts per miinon cartoon dioxide. A 
low volume filter 22 is provided upstream of the analyzer 26 for removing 
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particulate matter from Ihe sample air to preclude contamination of the 
optical sensor portion of the analyzer 26. 

The output signal from the analyzer 26 is connected to a display 40 
5 for displaying COj content In parts per milHon. Display 40 may be any 
suitable analog or digital device capable of indicating COj content in real 
time. The malyzer output is further connected to a recorder 34 which is 
operable to record tiie COx content versus time on a moving strip chart 
Other suitable means lor reconding the output signal may be employed, 
10 such as magnetic tape «• digital recor<«ng. A storage battery and power 
Inverter may also be mounted In the casing 38, thus eliminating the need 
fbr an external power source. 

The principle behind the si*iject invention is that oil and other 
13 hydrocarbons fbmi COj and HaO as the final products of combustion. This 
decomposition of the contaminants is induced by the heater 14. The 
amount of COi combustion product contained in the air after heating is 
proportional to contaminant content in the sample aft". Thus, It will be 
^parent that by measuring the C02 content In the heated air, the amount 
20 of oil and other hydrocarbons In the sample air can be detennined. In 
operation, the desired combustion occur* as the sample air is caused by 
the pump 24 to traverse the heater 14. Because the flow rate of sample air 
is laigeiy pre-defined by the pBctse flow requirements of the COj 
analyzer, proper combustion of the contaminants is obtained primarily by 
2 5 operatins the tempessture rantrsiier 

An alternative embodiment to that described above is a dual monitor 
configuration 110 shown in FIG. 3. The dual monitor 110 has thecapabllity 

to independently analyze the air ftom two air sources, and ad^onally 
30 calculate and display the difference therebetween. This la accomplished 
by packaging together within a single housing 138. two separata monitors, 
each being a complete monitor 1 0 as previously described hwein capable 
of indepehdently analyzing an air sample. 
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in order to calculate the differanca in contamination level between 
the two air sources, the dual monitor further incorporates a conventional 
subtraction circuit (not shown). The subtraction circuit is interconnected to 
5 tha two monitors 1 0 that comprisa the dual monitor 110, wherein the 
outputs from the two separate CO2 analyzers, in addition to bemg 
connected to their respective digital displays 140 and 141 and to separate 
tracks on recorder 34, are connected to the subtraction circuit The 
subtraction circuit calculates tha drffarence between the two air si^ls. 
10 sending the result to a third display 143, and to a third track on recorder 
34. 

Typically, the dual monitor configuration is used for sanr^ling and 
comparing engine inlet air to engine com;^essor bleed air. A b^eTit of the 

15 dual monitor so connected is that the amount of contamination added to 
the outside ambient air by the aircraft engine may be determined The 
engine bleed air contains not only the contamination atb1butat>)e to the 
engine compression process, but also the contaminants already preset in 
the ambient air ingested by the engine inlet The amount of contamination 

20 addad by tha aircraft engine is then the differer^ in the contamination 
ieveis of the engine bleed air and inlet air Thus, the dual system provides 
information useful for identifyir^g ttie source of oofttaminants in aircraft 
cabin air, and also for guidng correcttve measures. 

25 A dual monitor is operable with eithef one or two san^le hestsrs 12 
as necessitated by the paiticuldr installation. R6. 3B is mpresentative of 
a typical portable configur^ion wherein a single sample heater 12 contains 
both metal conduits 14. In other applications, for instance wt^re the 
distance between the two sample air sources is large, separate sample 

30 heaters may be ttfed. 

Various additior^i modifications and alterations to the above 
described embodiments will be apparent to those ^lled in the art 
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Accordingly, this description of the invention should be considered 
exemplary and not as limiting the scope and spirit of the Invention as set 
forth in the following claims. 
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1 . An air contaminant monitor comprising: 
a sample tube for receiving a sample of air 
5 a heating element for sufiidently heating said air while in said 
sample tuba so that any contaminant therein decomposes into cart>on 
dioxide and water 

means for detacting said carbon dioxida; and 
a pump for drawing the air from the sample tube to the detecting 
10 means. 



2. The air contaminant monitor of claim 1 wherein said sample 
tuba IS made of metai, said tuba having an inside dr&neter no larger than 
1/16 inch, 

3. Tha contaminant monitor of cfaim 2 further comprising a 
catalyst Inserted in said sample tube. 



4. The air contaminant monitor of daim 3 wherein said catalyst 
20 18 a platinum wire. 

5. The air contaminant monitor of claim 2 further comprising a 
ceramic biba having a bore fbr recaMng said sample tuba and having said 
heating element mounted thereto, and an external sheath of ttiermal 

25 insulation overlying said ceramic tubt. 



6. The air contaminant monitor of daim 5 v^erein said heating 
elament is an electrical resistance type heating con. 

30 7* The air contaminant monitor of daim 1 further comprising 
means to control tha tamparature of said air in said sample tube. 
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8. The air contaminant monitor of claim 1 further comprising 
means to control the flow rata of sample air to said detecting means. 

9« The air contaminant monitor of claim 1 further comprising a 
5 transfer conduit interconnectirq the pump with said »rnpJe tut>e and said 
detecting means» said transfer conduit having an inside diamelar no larger 
than 1/16 inch. 

10. The air contarranant monitor of daim 9 ^retn the pump, 
10 and the detecting means are mounted in a single portatrie casing. 

1 1 . The air contamlnmt monitor of cfarm 10 wherein a portion of 
said transfer conduit comprises a flexible tube connectvig the sample tube 
to tha case. 

15 

1 2. The air contaminant monitor of claim 1 1 ftirther comprising a 
low volume filter between saM flexibie tube and the pump* 



PAGE 26/36 ' RCVD AT 8/17/2005 3:12:13 PM [Eastern Daylight 



Aug. n. 2005 12:12PM 1NGRA8SIA FISHER & LORENZ PC 



No. 1948 P. 27 



wo 97/36176 PCTAJS97/D4T70 




PAGE 27/36'RCVDAT»17/2005 3:12:13PM [Eastern Daylight Tiine]*SVR:USPTO-EFXR^^^^^ 



Aug. 17. 2005 12:12PM 1NGRAS8IA FISHER & LORENZ PC No. 1948 P. 28 

wo 97/36176 PCT/US97/O4770 



2/2 




SUBSTnUTESHSr(RUtE26) 
PAGE 28/36 ' RCVD AT KIM 3:12:13 PM pstem DayligMfime] * SVRiUSPW^ 



Aug. 17. 2005 12:12PM INGRASSIA FISHER & LORENZ PC 



No. 1948 P. 29 



INTERNATIONAL SEARCH REPORT 


EhloiL ^ AfVbdtMD No 

PCT/US 97/04770 


A, OASSinCATIONOPSOWECrMATTTEIl 

IPC 6 GQiN3i/ee sem3/ao 








B> FIELPS SEARCHgP . 


IPC 6 681N 















P.X 


GB 2 294 116 A (D R TAYLOR RESEARCH & 
DEVELOPMENT LIMITED) 17 April 1996 
see the whole document 


1 


A 


US 5 279 978 A (PATASHNICK, ET AL) 18 

January 1994 

see the whole document 


1-12 


A 


m m m 

PATEHT ABSTRACTS OF JAPA« 

vol. 11, no. 144 (P-574)» 12 May 1987 

& JP 61 288564 A (SUHITOHO METAL IND 

LTD). 11 Oecendier 1986» 

see abstract 


1 









* ^Mdsi eatrnffxita of dtad documofi : 

*A* 4aaaiMftt ddfannf ttK gpuni sMe ifai itt wfeu^ it dot 
COOStfONfl to iM of pirthsiiaur KtaVBoc 

'C cfldkr doCQONnt biR puHIUhBtl OR or I 




Wtltfih is 19 «tfafaliih fti pihUuMa disc of 1 
dttHoft cr other <pml maaan (jsqicdfiid) 
docnnaiicfaringtoiii 
otem> 
*r drascBtpi^bZalml prior to 0»tifi^^ 
liarihtt me pritiitqr date «Wine4 



«r ortmiy dM« ^ oooaiet with dw in(iC4Win 
dtwi to wtlCTWtttd fte pctocipif orthcqry iw<fertya> the 

*X' AxumcBl of pvtieultf nicvKicc; die dAid^mvoCioB 
ciBDOtbacQiiadQtidBDvdorcBUMlteOQflddBcd Oft 
BMioivi SB iDvciiliw d9 «fam dK dOcUOMBt is tikcn 

IT *»cwBent of partcuUrKlcwMUpe; tjie d«imcd mMOori 

beoD«adaftdtofaiwoiwe4nfagyvt«epy ^j™ 
docvftem ts oBoibiBBd nMtb ono c rvvb adin~ 
iteaob itidk comtinaXiBa bdac 0M«9 to * J 

memlMr of du same palmt family 



ooyf ctioo flf dM i 



17 July 1997 



■dtbcaoftholSA 
Eurmm Patau Office. P.B. S9I9 PaMOB 2 

Fu:(^ 31-70) 940-3016 



PAGE 29136' RCVD AT 8/17/2005 3:12:13 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF^/32« DNIS:2738300/,CSIO:48038550$1 ' DURATION M:08-20 



( of Difliiiji of die iniiTnniofMl Bi*fch 

2 5 JUL 1997 



Bosina» R 



Aug. 17. 2005 12:13PM INGRASSIA FISHER & LORENZ PC 



No. 1948 P. 30 



inteknahonal search report 



PCT/US 97/64770 



Fsttni docujikcnt 
Qted in fietreh report 


PabU«iUon 
date 


Patent lamiiy 


FuhbcsSiAll 



us 5279970 A 



18-01-94 



US 
US 
US 
CA 
EP 
J? 
WO 
EP 
JP 
WO 



5110747 A 
5196170 A 
5401468 A 
2689758 A,C 
8558628 A 
7058264 fi 
9208968 
0638166 
7S05218 
9322654 



A 
A 
T 
A 



05-05-92 
23-03-93 

28- G3-95 

14- 0S-92 
88-09-93 
21-86-95 

29- 05-92 

15- 02-95 
88-06-95 
11-11-93 



PAGE 30/36'RCypAT8/1M3:12:13PM [Eastern Daylight Tiine]*SV^^^^^ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problenis to 
the IFW Image Problem Mailbox. 



